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INTRODUCTION. 
Many of the earlier investigators noted the presence of micrococci in certain 
types of udder inflammation.  Lucet  1 cultivated gelatin-liquefying, Gram-stain- 
ing micrococci from  seven  cases.  Guillebeau  2 in  studying 85  cases of  mastiffs 
found that in 52, micrococci were responsible for more or less severe inflammations. 
He divided them into two broad groups--the staphylococci which liquefied gelatin 
and  the  galactococci which  failed to  do so.  The  staphylococci were  more fre- 
quently  found  than  the  galactococci.  Steiger  ~ reported  micrococci  associated 
with  udder inflammation in  sixteen cases.  Like  Guillebeau, he  classified them 
as staphylococci and galactococci.  Both classes of cocci were described as hav- 
ing a diameter of 1 micron and staining by Gram's method.  They also c6agulated 
milk.  The  staphylococci produced  a  grayish  white,  yellow,  or  golden  brown 
pigment on potato.  The liquefaction of gelatin was constant.  The galactococci 
failed  to  liquefy  gelatin  but  usually  produced  pigment  on  potato.  Steiger's 
observations on  the  pathogenicity of  micrococci for  cows  are  interesting.  He 
described eleven cases in cows and one in a goat which cleared up spontaneously 
within periods varying from 3  days to 3  weeks.  On the other hand,  his proto- 
cols show that streptococci produce a  much more severe type of disease.  Of the 
ten  cows  infected with  streptococci, eight  suffered  from  severe mastiffs which 
became  chronic. 
Savage  4 appears to have been the first to describe in detail the biological charac- 
ters  of  the  micrococci associated with  mammitis.  Of  the  31  instances  which 
he  reported five were associated with  staphylococci.  He  states that  the  proof 
1 Lucet, Rec. m~d. v~t., 1889,  vi, series 7, 423. 
2 Guillebeau, Landswirtsch. Jahrb.  Schweiz.,  1890,  iv. 
8 Steiger, P., Centr. Bakteriol., lte Abt., Orig., 1904,  xxxv, 326, 467,  574. 
4 Savage, W. G., Rep. Med. Q~. Local Gov. Bd.  1907-08, xxxvii, 425. 
721 722  STUDIES  IN  BOVINE  ~ASTITIS.  III 
of the  causal relation of staphylococci to  mastitis is unsatisfactory,  especially 
since  staphylococci are  frequently  found  in  the  normal  udder.  Savage,  too, 
noted the apparent mildness of the disease they produced, 
Micrococci  Isolated  from  the  Udder. 
Of  81  instances  of  mastitis  studied,  twenty-four  were  associated 
with micrococci.  As a  rule,  the  processes  which  micrococci  excite 
are mild, but  in  a  few  instances  there  has  been  a  serious,  acute  in- 
volvement  which became  chronic. 
The  following record  is  typical of  one of  the  more  severe  types of 
infection. 
Cow  60.--Dec. 10,  1916.  Gave  birth  to  a  calf.  Sept. 17,  1917.  Mastitis 
developed in the left hind quarter. 
Sept.  18.  The  left hind  quarter  was  swollen, exceedingly firm,  and tender. 
Milk could only be withdrawn with difficulty.  Milking was accomplished with 
considerable pain at first but the discomfort subsided as the pressure was relieved. 
The  milk  was  yellowish  white  and  thickened  with  many  large  flocculi.  On 
standing, many of the larger particles coalesced, forming a large viscid mass on 
the bottom of the bottle and an excess of fat surmounting a watery liquid.  Blood 
agar plate cultures prepared from the milk revealed 2,172,000  colonies per cc. 
The surface colonies at the end of 24 hours were  1.5  ram.  in diameter, round, 
and raised.  At the end of 48 hours they were larger and had developed a  typ- 
ical orange  pigment.  The  deep colonies were small, round, or ovoid and  non- 
hemolytic. 
Sept.  19.  The quarter was still swollen, firm, and tender.  The milk was yel- 
low and flocculent. 
Cells per cc  ...........................................  16,000,000 
Cocci  "  "  ..........................................  220,000 
The other quarters appeared normal and the milk from them was free from 
flocculi.  Cell counts were well within  normal limits.  Plate cultures failed to 
reveal chromogenic micrococei. 
Sept. 23. 
Cells per cc  ...........................................  26,000,000 
Cocci  "  "  . .........................................  560,000 
From Sept.  23 to 28 the infammation subsided rapidly.  The quarter became 
more flaccid; a  few irregular firm nodules were observed about the milk cystern. 
The milk was normal in color but still contained a  few fine flakes. 
Cells per cc  ...........................................  10,400,000 
Cocci  "  "  ..........................................  1,100 F.  s.  70~ES  723 
Dec.  2.  The  quarter  appeared  normal.  The  milk  was free  from  flocculi. 
Cells per cc  ..............................................  760,000 
Cocci  "  "  .............................................  1,500 
Frequently  one observes mild  cases associated with  only a  slight 
inflammation  of  the  udder.  The  infected  quarter  may be  slightly 
enlarged,  a  trifle firm,  and  secrete flocculent milk for a  day or two. 
The micrococci usually reach  a  maximum  number when  the inflam- 
mation is at its height.  The number decreases rapidly after the crisis 
is reached and frequently they disappear from the milk. 
Micrococcic infections  are  not  always mild.  In  a  number  of in- 
stances  they have  been  observed in  cases  of  considerable  severity. 
Cow 80 developed a  severe inflammation of the right hind quarter 
on September 20, 1917.  The quarter was at first enlarged,  hot,  and 
painful.  The  acute  inflammation  subsided  but  the  quadrant  atro- 
phied.  The  secretion was much  reduced  and  consisted  of purulent 
milk.  6 months later the general condition of the right, hind quarter 
remained unchanged. 
Cow  81  calved  September  30,  1916.  Mastitis  developed  in  the 
right  hind  quarter  on November 20.  After the acute inflammation 
had subsided a  more chronic one continued.  The quarter decreased 
in size, became very firm, and secreted only a  few cubic centimeters 
of flocculent milk.  The micrococci were found in the  secretion from 
the affected quarter 5 months later. 
In addition,  chromogenic micrococci have been isolated from three 
cases  of  abscess of  the  udder.  The  abscesses were situated  in  the 
subcufis and tended to break down and discharge externally.  Repar- 
ative  processes  soon  set  in  and  the  condition  cleared  up  without 
treatment.  Usually they occurred  with  greatest  frequency in  cows 
that  came into  the herd a  short time before.  In all probability the 
infection  is  spread  from  animal  to  animal  during  the  processes  of 
grooming  and  washing before milking. 
Cultural Characters of Micrococci Isolated from Inflamed Udders. 
It seemed advisable to cultivate the micrococci in the same media 
employed  in  the  studies  of  streptococci.  Tubes  containing  13  cc. 
of  1 per  cent  solutions  of  the  carbohydrates  and  other  substances 
were used  to  test  the  fermentative  action  of the  strains  (Table  I). 724  STUDIES  IN  BOVINE  MASTITIS.  III 
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The figures given beneath the test substances refer to the actual acid 
production after 5 days incubation at 38°C.  Gelatin tubes were in- 
cubated at 22°C. for 14 days.  Liquefaction is indicated by the sign +. 
It will be seen that the micrococci fall into the same broad groups 
that were  noted by  Lucet,  Guillebeau,  Steiger,  and others.  They 
termed those liquefying gelatin as staphylococci and those failing to 
do  so  as  galactococci.  From the  table it will be  readily observed 
that the larger group is composed of staphylococci.  Savage also de- 
scribed both types of micrococci.  Further comparison between the 
cultural characters of the micrococci isolated by the earlier workers 
and those indicated in the table is impossible.  Earlier descriptions 
were based upon the character of the growth on potato and in gelatin, 
milk, and bouillon.  Savage, however, studied the action of twenty- 
two strains, isolated from five cases of mastitis, in broth containing 
maltose, lactose, glycerol, and mannite, as well as in milk.  All his 
strains fermented maltose and glycerol.  All but one produced acidity 
in lactose.  Sixteen fermented mannite.  In nineteen instances gela- 
tin was liquefied. 
In addition to their action upon gelatin many strains possess other 
minor differential characteristics.  Of  the twenty-three strains that 
liquefy gelatin, eleven produce acid in all the test substances.  Eight 
ferment dextrose, lactose,  saccharose,  maltose,  and mannite.  Two 
other species fail  to  ferment raffinose, inulin, mannite, and salicin. 
Cultures M.19 and M.49 differ from all the others.  The former pro- 
duces  acid  in dextrose,  lactose,  saccharose,  maltose,  mannite,  and 
salicin.  The latter differs only in its failure to ferment salicin. 
The  number of non-gelatin-liquefying micrococci is  too  small to 
warrant  any  final  grouping. 
Evans  5 found micrococci in 58.8 per cent of samples of milk drawn 
directly from the udder.  In describing the fermentative action of the 
staphylococci, dextrose, lactose, maltose, raffinose, mannite, and glyc- 
erol were used as test substances, and for this reason comparisons are 
difficult.  There is a  great similarity existing between staphylococci 
isolated from normal and inflamed udders. 
A  few strains of staphylococci have been tested  for  their patho- 
genicity.  1 cc. of 24 hour bouillon cultures of Culture M.M. injected 
Evans, A. C., J. Infect. Dis., 1916, xviii, 437. ~.  s.  joz~ms  727 
into  the  ear  vein  of a  rabbit produced  a  fatal  septicemia within  24 
hours.  Cultures  C.60 and M.15 produced severe involvement of the 
kidneys;  Culture  M.72  caused  a  slight rise in  temperature for a  few 
days following the injection.  Strains M.N., M.O., and C.80 failed to 
produce ill  effects. 
Mastitis  Associated  with  Bacillus  coli  and  Bacillus ,lactis  aerogenes. 
Many have described udder inflammations caused by B. coli communis.  Guille- 
beau believed at first that he was dealing with a new species.  Later, however, 
Jensen  6 identified  Guiilebeau's bacilli  as  B.  coll.  Gnillebeau,  Jensen,  Steiger, 
and others pointed out that the colon group is responsible for extremely severe 
mastitis.  Savage  observed  only  milder  types  of  infection  produced  by  this 
organism.  Zwick and Weichel, ~ Gilruth and Macdonald,  s and  others have re- 
ported outbreaks of mastitis caused by B. lactis aerogenes. 
Udder inflammations due to this class of organisms have been rela- 
tively infrequent in the material at my disposal.  The udders of two 
animals  became  invaded  with  Bacillus  coll.  In  another  instance 
lactis  aerogenes  produced  a  severe  inflammation  of  one  Bacillus 
quarter. 
Description  of  Cases  Attributed  to  Colon  Bacilli. 
Cow 58.--Calved  Mar.  19,  1917.  July  18.  Mastiffs developed in  the  left 
hind quarter.  The quarter was firm, although not appreciably enlarged.  The 
milk was normal in color but contained many small, white flocculi in suspension. 
Ceils per cc  ..............................  : .............  7,500,000 
Organisms per ce .........  .. .............  790 (pure culture of B. colO. 
The milk from the other quarters appeared normal. 
July 20.  Tl~e  left hind quarter was more flaccid.  The milk appeared a trifle 
watery and contained a few flocculi. 
Ceils per cc  ............................................  1,800,000 
Organisms per cc  .............................................  100 
B. coli was not observed in the plates. 
The  other  quarters appeared normal.  Plate cultures failed  to develop B. 
CO~. 
e Jensen, C. O., Ergebn. allg. Path. u. path. Anat. 1897, 1899, iv, 830. 
Zwick and Weichel,  Arb. k. Gsndhtsamte., 1910, xxxiv, 391. 
s Gilruth, J. A., and Macdonald, N.,  Vet. J., 1911, lxvii, 217. 728  STUDIES IN  BOVINE  MASTITIS.  III 
July 22.  The milk was again examined.  All  the samples were normal and 
failed to contain B. coli. 
Another  cow  became infected  with Bacillus  coli  in  the  right  hind 
quarter.  The  quarter  was  swollen,  firm,  hot,  and  painful.  The 
secretion  resembled  hemolyzed  blood  and  contained  large  plugs  of 
viscid grayish  red  material which  coalesced  on standing  into  a  solid 
mass on the bottom of the bottle.  The  secretion contained  264,000 
bacilli  per  cc.  The  condition  became  chronic  and  the  animal  was 
slaughtered. 
Infection of the Udder with Bacillus lactis aerogenes. 
Cow 68.--Calved July 22,  1917.  Mastiffs was first observed in the left hind 
quarter on Nov. 1  I.  The quarter appeared normal except for an irregular firm 
nodule 5 cm. in diameter situated about the milk cystern.  The milk was watery 
and contained large numbers of grayish white flocculi.  Plate cultures revealed 
26,000 organisms per cc.  The surface colonies were round, raised, grayish white, 
and slimy in appearance.  They measured from 3.5 to 4 ram. in diameter after 
48 hours incubation.  The deeper colonies were round or ovoid. 
This cow was under observation for several months.  For the first 2 weeks 
*the nodule about the cystern increased in size until it involved the lower third 
~f  the  quarter.  Later  it  began  to  decrease,  and  finally  the  quarter  became 
flaccid.  The  secretion  gradually  declined  until  only  a  few  cubic  centimeters 
,could be withdrawn.  Cell counts were not satisfactory, since the flocculi coalesced 
~.fter  washing  and  centrifugalization.  On  July  23  the  highest  cell  count  of 
~,000,000 was recorded.  The plate cultures on that day revealed 20,000 colonies 
of B. lactis aerogenes per cc. of milk.  The organisms showed a tendency to di- 
minish.  On Dec. 17 only 58Q colonies were found in a cubic centimeter of milk. 
The  infection  persisted  throughout  the  Iactation period.  The  other  quarters 
were not affected. 
The cultural characters of Bacillus coIi and Bacillus lactis aerogenes 
are  given in  Table  II. 
Infection of the Udder with Gram-Staining Rod-Shaped Organisms. 
In four cases of more or less severity Gram-positive rods have been 
the  only  organisms  present.  In  three  instances  the  only  apparent 
symptoms were  a  transient  thickening  of  the  walls  of  the  cystern, 
usually producing an irregular  nodule  4  or  5  cm. in  diameter  which 
soon disappeared.  The milk was normal except for a  varying num- 
ber of tiny,  viscid flocculi.  The  condition  cleared up  readily within 
a  few days. ,g 
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Cow 55.--This cow represents a more or less typical example of mild infection. 
In the preceding period of lactation she had  suffered from a  severe  mammitis 
of the left hind quarter due to non-hemolytic streptococci.  Toward the end of 
the  milking period  the  condition  improved but  the  streptococci were  always 
present in  the  milk.  The  cow gave birth to  a  calf on  Nov.  12,  1917.  Plate 
cultures prepared from the milk failed to contain streptococci.  On Dec. 26 she 
suffered from a  mild attack of mastitis in the left hind quarter.  The  quarter 
appeared normal except for an irregular firm swelling about the cystern.  The 
milk was watery and contained a few flocculi.  Plate cultures prepared from the 
milk revealed 12,300  tiny colonies per cc.  The  colonies grew slowly and after 
72 hours incubation measured 1 ram. in diameter.  The attack lasted a few days. 
Plate cultures prepared on Dec. 29 showed only 200 colonies per cc.  The swelling 
about the cystern had almost disappeared. 
A  much more severe infection was met with in Cow 79. 
Cow 79.--Calved Oct.  8,  1917. 
Dec. 27.  The animal slipped and fell while walking on the ice.  It was sup- 
posed that the udder had been injured by the fall, since mastitis made its appear- 
ance in the right hind quarter on Dec. 29. 
Jan. 8,  1918.  The quarter was greatly enlarged, very firm, and hot.  Milking 
caused considerable pain at first but brought relief after a few streams had been 
withdrawn.  The secretion was a  thickened greenish white fluid.  The odor was 
offensive.  Only  1  pint  of  milk  could be  expressed from  the  quarter.  Horse 
blood agar plate cultures containing 0.00005  cc. of milk revealed countless organ- 
isms.  Even after the milk had been diluted to 1:50,000 large numbers appeared 
on  the  plates  after  incubation.  It  was  estimated  that  700,000,000  colonies 
developed from 1 cc. of milk.  Attempts to count the cells failed because of the 
unbreakable masses of sediment after centrifugalization.  Stained films of milk 
sediment revealed many polymorphonuclear leucocytes and round cells, and, in 
addition, large numbers  of small rod-shaped organisms and  coccoid forms. 
Several colonies were fished from the plates and inoculated into serum bouillon. 
In  addition, tubes of melted agar containing a  column of  medium  8  or 9  cm. 
deep were inoculated with diluted milk.  From the tiny colonies which developed, 
serum bouillon tubes were inoculated.  Plate cultures were prepared from each 
series of  bouillon  cultures.  In  every instance  the  only organisms  developing 
in  the  plates  were  tiny,  translucent  surface  colonies accompanied  by  deeper 
biconvex colonies surrounded by a  narrow zone of hemolysis.  Morphologically 
all the organisms studied from both series resembled each other. 
The condition became chronic.  The swelling gradually subsided and ultimately 
the  quarter  became  smaller than  the  others.  The  milk retained its offensive 
odor. 
Mar.  23.  The cow was slaughtered.  The udder was sent to the laboratory. 
The right hind quarter was rounded and very firm.  On section the lower portion ~'.  s.  joints  731 
was principally composed of firm, glistening connective tissue.  Many of the larger 
lactiferous  ducts had been obliterated.  The milk cystern was constricted.  The 
mucosa  of the cystexn was necrotic and stained brownish  green  in an area 2.5 
cm. in diameter.  Many of the lobules  of the upper portion of the gland had 
been replaced  with  connective  tissue.  Others had atrophied.  The epithelium 
was dry and granular. 
Microscopically  the lesions  differed  considerably  from those found in  strep- 
tococcic  mastiffs.  Stained  sections  prepared  from  the  upper  portions of the 
gland  revealed,  besides  an  increase  of  the  interlobular  tissue,  degenerative 
changes  of  the  epithelium  and  invasion  of  leucocytes  into  the  lumen of the 
acini.  Leucocytes  were  present  ill  considerable  numbers  in  the  interacinar 
vessels.  In tissue from the middle and lower portions of the quarter the processes 
were  much  more  severe.  Frequently  many  lobules  had  been  replaced  with 
connective  tissue  enmeshing  polymorphonuclear  leucocytes  and  round  cells. 
Local areas of hemorrhage had occurred.  The connective  tissue  was edematous 
in  places.  A  large  proportion  of the  lactiferous  ducts  had  been  obliterated. 
In several  the productive process  could  still  be  observed.  The lining  cells of 
such a duct were compressed.  Connective tissue filaments interlacing  leucocytes 
and  round  ceils had  invaded  the  lumen  of  the  vessel.  Many newly  formed 
blood vessels were observed in the stroma. 
The epithelium  of the  milk  cystern and larger milk ducts had proliferated. 
The cells had lost their original polyhedral appearance and had become elongated 
and  flattened  and  resembled  squamous  epithelium.  Finger-like  processes  fre- 
quently extended  into thc lumen of the duct or into the surrounding  connective 
tissue.  Several isolated  nests of squamous epithelium  were observed in the con- 
nective tissue. 
Morphological and Cultural Characters of Four Strains of Rod-Shaped 
Organisms Isolated from Inflamed  Udders. 
Culture M.T.--Morphology: Tiny non-motile  rods.  Many show beaded  or 
granular staining  with Giemsa's stain.  Coccoid forms are not uncommon.  The 
rods stain well by Gram's method. 
Colonies in horse blood agar plate cultures: 
Surface  colonies:  Small,  round,  raised,  grayish.  0.$  mm. in diameter after 48 
hours incubation. 
Deep colonies:  Spherical or ovoid.  Fail to produce hemolysis in horse blood agar. 
Culture C.55  X.mThe same  morphological  and other characters that are de- 
scribed  for Culture M.T. 
Culture M.44.--Morphology: Very small  rods,  apparently non-motile.  Coc- 
cold  forms  were  not  infrequent.  Stained  preparations  revealed  many beaded 
forms.  The organisms stain well by Gram's method. 732  STUDIES  IN  BOVINE  MASTITIS.  III 
Colonies onhorse blood agar: 
Surface colonies: Hemispherical, translucent colonies, rarely attaining  0.5  mm. 
in diameter after 48 hours incubation. 
Deep colonies: Ovoid and biconvex surrounded by a narrow hemolytic zone. 
Culture  C.79.--This  culture  resembles Culture  M.44 in its  morphological 
characters.  The growth in horse blood agar plate cultures is the same. 
Additional  cultural  characters  are  given  in  Table  III.  It  was 
necessary to add a  small amount of sterile horse serum to each tube 
of media before good growth could be obtained. 
TABLE  III. 
Biological Characters of  Gram-Staining  Rod-Shaped  Organisms Associated with 
Mastitis. 
No. of 
culture. 
2.79 
~.44 
.VI.T. 
;.55X. 
Growth in 
bouillon• 
Clear• 
Turbid. 
Clear. 
Turbid. 
Milk. 
Firmly coag- I 
ulated and 
partially 
digested• 
Unchanged. 
Production of acid  in. 
per  per  per I per 
¢¢~  cent  cen~ I cen~ 
1.6  1.1  2.9  2.1 
2.1  1.4  1.5  2..' 
~o  ~d 
° 
per  per  per 
cent  ¢en~ I cent  cent 
0.6  0.51  0..'  0.3 
0.3  0.6[ 0.:  0.G 
per 
+  -  + 
+  -  + 
Fails  to change  the  reaction  of  the 
media• 
None  of  the  cultures proved  pathogenic when  injected  into  the 
peritoneal cavity of white mice or guinea pigs. 
DISCUSSION  AND  SUMMARY. 
Aside from the streptococci, micrococci have been  the next most 
frequent group  of  organisms isolated from inflamed udders.  They 
produce  various  types  of  disease•  Some  give  rise  to  only  a  mild 
catarrh  of  the larger milk ducts and cystern, while others produce 
more or less severe  parenchymat,  ous  inflammation.  On  the  whole, 
the prognosis is more favorable with micrococcic infection than with ~'.  S.  JONES  733 
that  associated  with  streptococci.  Cases  of  considerable  severity 
have, however,  been attributed  to  staphylococci. 
Micrococci  similar  in  many  respects  to  those  associated  with 
mastiffs have been found to occur in the normal udder.  This has led 
Savage to  question  their true etiological significance.  In many in- 
stances micrococci may gain access to  the udder and produce slight 
disturbances that are entirely overlooked.  Even more severe changes 
may follow infection.  After recovery the organisms still  remain in 
the milk.  This was observed in  the case of Cow 60  infected with 
staphylococci.  One  frequently observes  the  elimination of  strepto- 
cocci from the udder even after apparent  recovery from an  attack 
of streptococcic mastiffs.  Doubtless streptococci and micrococci ob- 
served in these udders would be classed as belonging to  the normal 
flora.  Even though micrococci do occur in supposedly normal udders 
Evans  has  shown  that  many are  pathogenic  for  rabbits.  The  in- 
troduction  of  these  organisms  into  the  udders  of non-resistant  in- 
dividuals might well give rise to more or less intense inflammation. 
The multiplication would doubtless be rapid until resistance had been 
established. 
In addition to  the micrococci two other groups of rod-shaped or- 
ganisms have been  found associated with  udder inflammation.  In 
two instances Bacillus  coli  has  been isolated from cases of mastiffs 
and in another Bacillus lactis aerogenes.  In four, tiny motile Gram- 
staining microorganisms have been obtained in pure  culture.  Two 
of these strains (Nos. C.79 and M.44) have been identified as Bacillus 
pyogenes. 